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Neutrino Event Reconstruction

o Neutrino experiments depend on accurate reconstruction of 
neutrino interactions (energy, position, direction, time)

o ὕ ὋͯὩὠexperiments will often focus event selection on charged-
current quasi-elastic (CCQE) events

o Straightforward event topology and kinematics reduce uncertainties in 
neutrino reconstruction 

o Water-based detectors: only have one Cherenkov cone to reconstruct
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Genuine CCQE interaction
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Reconstructed energy eqn. from: J. Nieves, I. RuisSimo, et al. ´CCQE, 2p2h 
excitations and nu-energy reconstructionµ.  Arxiv1304.1032v1 (Apr 2013)



CCQE-like events: a cautionary example 
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Possible CCQE-like interaction
o Need to reliably tag and model CC events that mimic 
genuine CCQE events (´CCQE-likeµ)

o The presence of neutrons indicate that a neutrino interaction 
is not a true CCQE event

o Undetected, can also result in a bias in reconstructed neutrino 
energy

o More data is needed to refine neutron yield models! ὲ
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Total neutrino per nucleon charged current cross-sections 
divided by neutrino energy (arXiv1305.7513, 2013)

GeV-scale neutrino interactions

o Across the GeV-energy range, there are multiple possible interaction 
types (and particles produced) 

o Additional cross-section measurements can help refine neutrino 
interaction models

o Neutron multiplicities for different interactions can also be measured
o Final-state interactions for different events could lead to different neutron 

multiplicities
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o 13 institutions, 3 countries, ~30 
collaborators

o Brookhaven National Laboratory
o Fermi National Accelerator Laboratory
o Iowa State University
o Johannes Gutenberg University Mainz
o Lawrence Livermore National Laboratory
o Queen Mary University
o The Ohio State University
o University of California, Davis
o University of California, Irvine
o University of Chicago
o University of Edinburgh
o University of Hamburg
o University of Sheffield
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ANNIE Collaboration Meeting, March 2019
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The Accelerator Neutrino-Neutron Interaction Experiment



The ANNIE detector

o Gadolinium-doped water Cherenkov detector 
o ANNIE tank instrumentation: 132 

Photomultiplier Tubes (PMTs) and 5 Large 
Area Picosecond PhotoDetectors(LAPPDs)

o Muon Range Detector (MRD): alternating 
layers of scintillator paddles and steel

o Front veto used to reject events with muons 
produced upstream in dirt/rock
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Beam axis

Cross-section of ANNIE detector

Image reference: ´Accelerator Neutrino Neutron Interaction Experiment (ANNIE): 
Physics phase proposal.µ arXiv:1707.08222v2
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Neutrino & neutron event detection in ANNIE
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Example of a charged-current neutrino event in ANNIE

‘

ὲ

ὲ
’

2. Neutrons produced (if 
any) undergo 

thermalization in target 
volume

3. Neutrons capture on gadolinium; gadolinium³s 
de-excitation signal (Cherenkov light from ψͯὓὩὠ
gamma cascade³s Compton scatter electrons) is 

detected

1. Muon neutrino from BNB 
interacts with nucleus in 

target volume; muon stops in 
MRD
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ANNIE Location at FNAL
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